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ds.2012.1Abstract Introduction: Silymarin (SM), was reported to have anti-inﬂammatory and antioxidant
activities and has been suggested as a positively effective agent on skin tissue regeneration and
wound healing. In this study we aimed to determine the effect of topical administration of SM
on stereological parameters of the wound healing process in rats.
Material and methods: Thirty six Wistar rats, with a 1 cm2 full-thickness wound created on the
posterior of their neck, were divided into three groups; the control group which received no treat-
ment; the SM-treated group that received 2% SM-gel, and the gel-base treated group. At the end,
full thickness skin samples from the wound site were obtained to determine volume density of col-
lagen bundles, vessels, and hair follicles as well as ﬁbroblast population, length density, vessel’s
mean diameter, and wound closure rates by using unbiased stereological methods.
Result: SM increased ﬁbroblast proliferation, collagen bundle synthesis, hair follicle population
and consequently wound closure in comparison to the gel-base and the control groups (P< 0.05)
according to stereological parameters of the skin. Angiogenesis was also intensiﬁed in the SM-
treated group although it was not statistically signiﬁcant.tudent Research Committee,
y of Medical Sciences, Shiraz,
o.com (F. Bagheri).
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the process of wound healing.
ª 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Silymarin (SM), a ﬂavonolignan complex that contains silibi-
nin, was isolated from the seeds of the milk thistle plant Sily-
bum marianu in the 17th century and has a long tradition as a
herbal remedy (Singh and Agarwal, 2009). Several studies
demonstrated the diverse effects of this substance such as che-
moprotective and anticancer effects in the skin (Zhao et al.,
2000) as well as playing a role in the prevention of radioderma-
titis (Rasul et al., 2011), chemical-induced irritant contact der-
matitis (Han et al., 2007), UVB-induced skin damage (Gaza´k
et al., 2007) and also skin whitening effect (Rasul et al.,
2011). Previous investigations also introduced SM – and its
constituents – as an anti-inﬂammatory and antioxidant agent
which showed positive effects on the wound healing process
and protected the skin against oxidative damage leading to
the promotion of tissue regeneration particularly in burn in-
duced oxidative skin injury in animal models (Svobodova
et al., 2006; Toklu et al., 2007). The topical administration
of SM ointments in the concentration of 5, 10 and 20% were
also reported to be effective in the treatment of diabetic
wounds through inhibiting the inﬂammatory parameters and
enhancing tissue regeneration (Aliabadi et al., 2011). However,
data on the possible efﬁcacy of SM on untreated skin wounds
which are also supported by histomorphometrical and stereol-
ogical evaluation of the parameters of the healing tissue are
still lacking. Recently, investigations on herbal medicines have
been widely conducted in order to ﬁnd effective agents with
fewer adverse effects for the treatment of skin wounds (O’Hara
et al., 1998). In this study, we aimed to investigate the effects of
topical SM 2% gel on full thickness skin wound in rat by mea-
suring the wound closure rate, the amount of collagen bundles,
vessels, hair follicles, and ﬁbroblast proliferation, which are
the main stereological parameters in the evaluation of the
wound healing process.
2. Materials and methods
2.1. Preparation of gel
SM powder was provided from Sigma–Aldrich (Steinhelm,
Germany) and in order to facilitate the application, a SM
2% gel was provided by dissolving 2 g SM in 2 cc distilled
water, then the solution was transferred into 2% carboxymeth-
ylcellulose (CMC) (2 g CMC dissolved in 98 cc distilled water).
The vehicle (gel-base) was also prepared by creating 2% CMC
gel without the SM component.
2.2. Animals and excision of wound model
Thirty six male Wistar rats (180 ± 20 g; 2–3 months old)
were randomly divided into three groups (n= 12): gel-base
(vehicle) treated group, SM 2% gel treated group, and the
control group which received no treatment. On the day 0, un-
der general anesthesia induced by ether inhalation, a 1 cm2circular full thickness skin wound was created on the poster-
ior surface of the animal’s neck. The topical administrations
were done in a standard manner for the two experimental
groups just after the wounding and repeated every 24 h until
the last day of the study (day 15 here). The last day of the
study was assigned as the day in which at least one of the
wounds in any group was closed. The animals were sacriﬁced
with a high dose of ether on day 15. Full thickness skin
samples (1 · 1 cm) were provided from the wound site
and ﬁxed in buffered formaldehyde (pH= 7.2) for further
procedures.
The study protocol was approved by the Ethics Committee
of Shiraz University of Medical Sciences and the animal care
was in accordance with the related guidelines.
2.3. Preparation of the samples and stereological study
Stereological study was performed according to previous
methods used by Ashkani-Esfahani et al. (2012). To determine
the wound closure rate, images were captured from the wound
surfaces every four days with a digital camera. To calibrate the
magniﬁcation, a standard ruler was set at the level of the
wound in each photograph, and the wound area at each visit
was estimated by using a stereology software composed of a
point grid (Fig. 1), and by using the following formula:
Area =
P
P · a/p; where
P
P was the total points laid on
the wound area and a/p, the area surrounded by every four
crosses, was considered as the area per point (mm2)
(Ashkani-Esfahani et al., 2012; Gundersen et al., 1988). There-
after, the wound closure rate was calculated as: wound closure
rate (%) = ((area at visit 1  area at each visit)/area at visit
1) · 100.
Nine pieces of the skin samples, each about 1 mm2, were cut
and prepared in a systematic random sampling manner for ster-
eological analysis. The pieces of each sample were embedded in
a parafﬁn block. Isotropic uniformly random (IUR) sections of
the blocks with 5 and 15 lm thickness were created and stained
with Hedenhain’s azan-trichrome stain (Ashkani-Esfahani et
al., 2012; Ashkani-Esfahani et al., 2012). Microscopic analyses
of the dermis were performed by using a video-microscopy sys-
tem made up of a microscope linked to a camera (Alpha-200;
Sony; Japan) and a ﬂat monitor. The volume densities of
the collagen bundles, vessels, and hair follicles (Vv; fraction
of the unit volume of the dermis which is occupied by the
collagen bundles, vessels, or hair follicles) were estimated by
using the stereological point counting method and the
following formula: Vv(collagenr vessel or hair follicle/dermis) =
P(collagen or vessel or hair follicle)/P(dermis); where P(collagen or vessel
or hair follicle) was the number of points hitting the proﬁles of
the collagen bundles, vessels, or hair follicles; P(dermis) was the
number of points hitting the reference visible ﬁeld (dermis)
(Fig. 2).
The lengthdensity (Lv) and themeandiameter of a vesselwere
estimated at a ﬁnal magniﬁcation of 450· on the 5 lm thickness
slides and the following formula: Lv = 2 ·
P
Q/((a/f) ·
P
f);
where ‘‘
P
Q’’ was the total number of the vessel proﬁles counted
Figure 1 Digital photographs were captured every four days to measure the wound area. The total number of points within the wound
borders (yellow line) was counted. As it is shown at the corner of this ﬁgure, the right upper corner of the cross is considered as the point
(arrow), and it is counted only if the right upper corner hits the wound surface. (1): day 0; (2): day 4; (3): day 8; and (4): day 12 of silymarin
treated group.
Figure 2 The volume densities (Vv) of the collagen ﬁbers (1) or
vessels (2) or hair follicles (3) were estimated by using a grid of
points on the live image of dermis. The total number of the points
hitting the target is counted and divided by the total number of the
points hitting the reference space (dermis). A cross is presented at
the corner of this ﬁgure which is counted only if the right upper
corner (arrow) hits the target (Hedenhain’s azan-trichrome stain)
(·450).
Wound healing effect of Silymarin 9in each sample, (a/f) was the area of the frame, and ‘‘
P
f’’ was the
total number of frames counted per sample (Fig. 3).
The numerical density (Nv; number of cells per unit volume
of the dermis) of the ﬁbroblasts was estimated by employing
the 15 lm slides, the ‘‘optical dissector’’ method (Gundersen
et al., 1988), and the formula: Nv=
P
Q/
P
A · h; where
‘‘
P
Q’’ was the number of nuclei coming into focus in the dis-
sector height, ‘‘RA’’ was the total area of the counting frame in
all microscopic ﬁelds, and ‘‘h’’ was the height of dissector with-
in which the counting was done. The upper and the lower 5 lm
were considered as ‘‘area of safety’’ (Fig. 4).2.4. Statistical analysis of the data
The data were collected, analyzed, and reported as mean and
standard deviation (mean ± SD). Besides, the statistical com-
parisons between the groups were carried out by the SPSS sta-
tistical software (v.16.0). One-way analysis of variance
(ANOVA), Tukey’s post test, and Mann–Whitney U-test were
used in order to analyze the data. Moreover, P 6 0.05 was con-
sidered as statistically signiﬁcant.
3. Results
3.1. Area of the wounds
The mean initial area of the wounds was 118.66 ± 4.94 mm2
with no signiﬁcant difference among the three groups. The rate
of wound closure in the SM group was higher compared to the
control and the gel-base treated groups (P< 0.05) (Fig. 5).
The rate of wound closure in the base treated group was al-
most the same as that of the control group.
3.2. Fibroblast population
Table 1 describes the results of this study on the effects of SM
on the stereological parameters involved in the wound healing
process. The numerical density of the ﬁbroblasts (Nv) in the
dermis of the SM treated group was noticeably intensiﬁed on
the contrary to the control and the gel-base groups. Moreover,
the numerical density of the ﬁbroblasts in the SM group was
reported as 49.87 and 50.37% higher than the control
(P= 0.003) and the gel-base group (P= 0.003), respectively.
3.3. Volume density of the collagen bundles and hair follicles
SM enhanced the volume density of the collagen bundles by
24.3% (P= 0.003) and 44.9% (P< 0.001) higher than the
Figure 3 (a) An unbiased counting frame is randomly superim-
posed on the live image of the dermis at the ﬁnal magniﬁcation of
450 to estimate the vessel’s length density (Lv) and mean diameter.
Any vessel which appears within the counting frame or touches the
inclusion borders (dotted lines) is counted. The vessels which
touch the exclusion borders (bold continuous lines) are not
counted. (b) The mean diameter of the vessel is estimated by
measuring the short axis of the vessel (short double arrow)
(Hedenhain’s azan-trichrome stain).
Figure 4 (a) A counting frame laid on the live image of the
dermis to estimate the numerical density (Nv) of the ﬁbroblasts.
‘‘1’’: unclear nuclei at the beginning and the end of the optical
traveling ﬁeld (h= 0; h= 15). ‘‘2’’, ‘‘3’’: with advancing into the
tissue, the nuclei becomes more clear, a 5 lm space (from h= 0–
5 lm adjusted by optic dissector) is regarded as the safety zone, the
counting starts at h= 5–10 lm. The last 5 lm is also considered as
the safety zone. Any nucleus which lies in the counting frame or
touched the inclusion borders (dotted red lines) and does not
touch the exclusion borders (continuous lines) and comes into the
maximal focus within the counting space are counted (the red
arrows) (Hedenhain’s azan stain ·2000).
10 S. Ashkani-Esfahani et al.control and the gel-base groups, respectively (Table 1). The
volume density of hair follicles in the SM treated group was
higher than the control and the gel-base treated groups by
78.6% (P= 0.022) and 222% (P< 0.001), respectively.
3.4. Volume density, length density and diameter of the vessels
The volume density of the vessels in SM group was 3 and
45.8% higher than the control group and the gel-base group,
respectively, which showed insigniﬁcant difference. In addi-
tion, the length density and the mean diameter of the vessels
were almost similar in all of the three groups (Table 1).Figure 5 The effect of Silymarin on the wound closure rate; each
point of the graph represents the mean ± SD of the wound
closure rates of the control group with no treatment, gel-base
treated group, and the silymarin-treated group. The wound
closure rate had signiﬁcantly increased in the silymarin-treated
group compared to the control and the gel-base groups
(P< 0.05).4. Discussion
SM, a derivation from the seeds of the milk thistle plant
Silybum marianu, is a naturally occurring polyphenolic ﬂavo-
noid or ﬂavonolignans; the major bioactive ﬂavonolignans in
SM include silychristins A and B, silybin A and B, silydianin,
isosilybin A and B, Silibinin, and some other compounds
(Katiyar, 2005; Singh et al., 2002). SM was demonstrated to
have antioxidant and anti-inﬂammatory properties, in vivo
and in vitro, which have been shown to be probably
Table 1 Mean (SD) of the numerical density of the ﬁbroblasts (·103 per mm3), volume densities of the collagen bundles (Vvcollagen/
dermis; %), vessels (Vvvessel/dermis; %) and hair follicles (Vvhair follicles/dermis; %), length density (mm/mm
3) and mean diameter (lm) of
vessels in the dermis of the wounded rats treated with silymarin gel, gel-base and untreated wounded group (Control).
Groups Fibroblasts Collagen bundles Vessels Hair follicles
Numerical
density
Volume
density (%)
Volume
density (%)
Length
density
Mean
diameter
Volume
density
Control 218.92 (12.5) 57.6 (4.8) 3.4 (0.8) 13.16 (3.9) 1.22 (0.37) 5.6 (2.3)
Silymarin 328.11 (7.05)* 71.6 (5.9)* 3.5 (0.1) 13.30 (2.9) 1.13 (0.27) 10 (2.9)*
Gel-base 218.20 (14.7) 49.4 (5.1) 2.4 (0.9) 13.16 (2.4) 1.22 (0.28) 3.1 (0.7)
* P< 0.05, Silymarin treated group vs. control group and gel-base treated group.
Wound healing effect of Silymarin 11responsible and favorable for faster wound healing (Aliabadi
et al., 2011; Barnes and Karin, 1997). Various studies have
shown the protective effects of SM and silybin against chemi-
cally and UVB-induced skin damages both in cell cultures and
animal experiments via antioxidant and anti-inﬂammatory
abilities; however, most of them have not studied the histolog-
ical characteristics of the healing tissue after SM administra-
tion (Gaza´k et al., 2007). Roy et al. declared that silibinin
prevents radiation induced epidermal damage through p53-
mediated GADD45a upregulation, implicated in DNA repair
and cell cycle regulation, both in vitro and in vivo as a topical
agent (Roy et al., 2012). In a clinical trial, Becker-Schiebe et al.
conﬁrmed the beneﬁcial effects of SM-based cream, mostly due
to its antioxidant and anti-inﬂammatory activities, in reducing
the rate of objective and subjective radiation induced skin tox-
icity in breast cancer patients (Becker-Schiebe et al., 2011).
Aliabadi and her colleagues demonstrated the ability of 5,
10, and 20% SM ointment to histologically improve ﬁbroblast
production, inﬂammation, collagen bundle synthesis, and
wound healing rate in diabetic rats, while the present study
showed that 2% SM gel may impose a similar effect on these
parameters as well as hair follicle production, which is also
important in the process of wound healing mostly due to cos-
meceutical concerns, but not on vascularization, according to
stereological analyses in non-diabetic rats (Aliabadi et al.,
2011). Valenzuela et al. showed that SM promoted the homeo-
stasis of dermal microcirculation through changes in the vascu-
lar structure and permeability of the skin (Valenzuela and
Garrido, 1994). In an experiment conducted by Toklu et al.,
SM showed protective effect against burn-induced oxidative
skin injury in rats by reducing oxidative factors and also mor-
phological alterations, which is also helpful in the healing pro-
cess (Toklu et al., 2007). Results of the present study showed
that topical administration of SM promotes wound healing
through the stimulation of ﬁbroblast proliferation and colla-
gen bundle synthesis as well as tissue regeneration. Though it
was not consequential, SM also improved angiogenesis in the
healing tissue. Overall, although there are a few studies which
mentioned SM speciﬁcally as a wound treatment, the pub-
lished reports of characteristics of SM reveal the fact that this
agent affects the healing tissue both on molecular mechanisms,
such as anti-inﬂammatory and antioxidative activities, and his-
tomorphometrical properties which have been emphasized by
the present study.
5. Conclusion
Regarding the previous reports on positive effects of SM, spe-
ciﬁcally as a topical agent, on different types of skin damages,and the results of the present study which showed the positive
wound healing effect of topical SM in rat models, SM can be
introduced as an alternative agent in the treatment of skin
wounds. However, further investigations are still needed to
evaluate its safety and to enhance its delivery to the tissue,
and also clinical trials, on larger population, are still required
to determine the efﬁcacy of topical SM on human skin wounds.
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